In the screening for muscarinic M3 receptor binding inhibitors from microbial secondary metabolites, the extract of Nocardia nova JCM 6044 was found to be highly active. Bioassay-guided isolation led to the identification of three siderophores, nocardimicins G (1), H (2) and I (3). Their chemical structures were determined by spectroscopic analysis using NMR and MS. 1 and 2 inhibited the binding of tritium-labeled N-methylscopolamine to the muscarinic M3 receptor with K i values of 0.44 m M and 0.37 m M, respectively, whereas 3 showed no inhibition at 10 mM. 1 and 2 also showed weak binding inhibitory activity to the M5 receptor but not to the M1, M2 and M4 receptors at 10 mM.
Introduction
Parasympatholytics block the acetylcholine-mediated transmission of impulses from postganglionic parasympathetic fibers to the organ of response by competitive antagonism at muscarinic receptors. Due to the resulting relaxing effect on smooth muscles, these substances are also called neurotropic spasmolytic agents. To date, five muscarinic acetylcholine receptor genes, m1ϳm5, have been cloned [1] . Although four subtypes of muscarinic receptors (M1ϳM4) have been pharmacologically defined, pharmacological characterization of the M5 receptor has not yet been accomplished. All the subtypes known to date belong to the superfamily of membrane-bound receptors coupled to G-proteins [2] .
Muscarinic receptors are widely distributed in the central and peripheral nervous systems as well as in the parasympathetically innervated organs of response. All five subtypes occur in the central nervous system. The smooth muscle of the respiratory tract, gastrointestinal tract, and urinary bladder contains a heterogeneous population of M2 and M3 receptors. As contraction of smooth muscle generally reflected M3 pharmacology alone [3] , the M3 receptor may represent a therapeutic target for the treatment of respiratory disorders such as chronic obstructive pulmonary disease, gastrointestinal disorders such as irritable bowel syndrome, and urinary tract disorders such as urinary incontinence [4] .
We have previously reported the isolation of cremastrine, an alkaloid from Cremastra appendiculata (Orchidaceae) [5] and nocardimicins AϳF, siderophores from Nocardia sp. TP-A0674 [6] , as selective muscarinic M3 receptor binding inhibitors. In our ongoing search for the muscarinic M3 inhibitors from natural products, three siderophores, nocardimicins G (1), H (2) and I (3) were identified in the culture broth of Nocardia nova JCM 6044. This paper describes the isolation, structure determination, and biological activity of 1ϳ3.
Materials and Methods

Microorganism
The producing microorganism, strain Nocardia nova JCM 6044, was purchased from Japanese Collection of Microorganisms. It was maintained on an ISP medium No. 2 slant at 10°C for laboratory use.
Instrumental Analysis
Melting points were determined on a Yanaco micro melting point apparatus. Optical rotations were measured on a Jasco P-1020 digital polarimeter. NMR spectra were measured on a Bruker AMX-500 NMR spectrometer using standard Bruker pulse programs. Chemical shifts are given in d values with reference to tetramethylsilane as an internal standard. IR spectra were recorded on a Perkin Elmer 1725X FT-TR spectrophotometer. LC-MS spectra were measured on an Agilent MSD spectrometer and highresolution LC-MS spectra were measured on a JEOL JMS-700 spectrometer. The LC-MS/MS spectra were measured on a Finnigan TSQ QUANTUM Ultra spectrometer (Thremo electron, MA). UV spectra were recorded on a Hitachi U-3010 spectrophotometer.
Biological Assay
The binding affinities (K i ) to five receptor subtypes were determined according to the method previously described [5] , by inhibition of specific binding of tritium labeled Nmethylscopolamine ([ 3 H]-NMS) using membranes from insect Sf9 cells expressing human m1ϳm5 receptors at MDS Pharma Services (Taiwan).
Results and Discussion
Fermentation
A loopful of a mature slant culture of strain Nocardia nova JCM 6044 was inoculated into five 500-ml K-1 flasks containing 100 ml of the seed medium consisting of soluble starch 1%, glucose 0.5%, NZ-case 0.3%, yeast extract 0.2%, tryptone 0.5%, K 2 HPO 4 0.1%, and CaCO 3 0.3% (pH 7.0). The flask was incubated at 32°C for 5 days on a rotary shaker (200 rpm). Three-ml aliquots of the seed culture were transferred into fifty 500-ml K-1 flasks each containing 100 ml of the production medium consisting of glycerol 4%, NZ-case 0.5%, Pharmamedia 2%, CaCO 3 0.5% and HP-20 1%. The pH of the medium was adjusted to 7.0 before sterilization. Fermentation was carried out at 32°C for 5 days on a rotary shaker (200 rpm).
Isolation
The fermented whole broth (5 liters) was centrifuged (5,000 rpm, 10 minutes) to separate the mycelium. The supernatant was discarded and the mycelium was extracted by agitating in acetone (4 liters). The mycelium was removed by centrifugation and acetone was removed by evaporation. The resultant aqueous solution was extracted with EtOAc (300 ml ϫ5) and the EtOAc layer was evaporated to dryness in vacuo. The EtOAc extract (3.06 g) was fractionated into three active fractions (fraction AϳC) by preparative HPLC using an ODS column (Delta-Pak C18, 40 mm i.d. ϫ200 mm, Waters, MA) with a linear CH 3 CN -0.2% HOAc (aq) gradient from 50 to 100% CH 3 CN over 20 minutes at a flow rate of 80 ml/minute. The fraction A (120.6 mg) was subjected to preparative HPLC using an ODS column (XTerra Prep RP18 C18, 19 mm i.d. ϫ150 mm, Waters, MA) with the eluent of CH 3 CN -10 mM NH 4 OAc (aq) (pH 9.0, isocratic elution, 57 : 43) at a flow rate of 20 ml/minute. Active fractions were combined and evaporated in vacuo to give 1 (83.1 mg) as an active principle. Similarly, 2 (67.0 mg) and 3 (13.8 mg) were isolated from the fractions B (333.8 mg) and C (96.6 mg), respectively.
Structure Determination
Physico-chemical properties of nocardimicins G (1), H (2) and I (3) are summarized in Table 1 7 and 52.0). Due to the existence of cis and trans conformations around the formamide bond, the NMR signals for some protons and carbons were observed in pairs at 27°C. These pairs of NMR signals were merged into one peak at 67°C except for the N-formyl and e -methylene group. The remaining carbon signals were assigned to two methyl, 22 methylene, two methine carbons, and one quaternary carbon (Table 3) .
2D-NMR analysis of 2 allowed the identification of four partial structures AϳD: a hydroxyphenyloxazoline moiety, N e -formyllysine, 2-methyl-3-hydroxy hexadecanoate and e-aminocaprolactam (Fig. 2) . Connectivities of these partial structures were elucidated by the HMBC experiment. Important HMBC correlations are indicated in Fig. 2 . The connectivity between the partial structures A and B was confirmed by the long-range coupling from H-13 to C-12. The HMBC correlation from H-17 to C-15 established the linkage between partial structures B and C through an ester bond and that from H-20 to C-19 revealed the linkage of the partial structures C and D through an amide bond. In consideration of the molecular formula, the remaining two hydroxyl groups were assigned as substituents at the nitrogen atoms N-23 and N-32. The positive-mode LC-MS/MS spectrum of 2 indicated that fragment ions corresponding to mycobactic acid [7] moiety and cobactine moiety at m/z 380 and 441, respectively (Fig. 3) . Based on these spectral data, the structure of nocardimicin H (2) was established as shown (Fig. 1) .
The molecular formulae of nocardimicin G (1) and I (3) were established as C 40 H 63 O 10 N 5 and C 44 H 71 O 10 N 5 , respectively, on the basis of the HR-LC-MS and 13 C NMR data. These compounds showed 1 H and 13 C NMR spectra (Table 2 and 3) quite similar to those of nocardimicin H (2). In the LC-MS/MS spectra, the fragment ion derived from the mycobactic acid moiety was detected at m/z 380 as in the case of 2, while the fragment mass derived from the cobactin moiety of 1 was 28 mass units smaller (m/z 413) and that of 3 was 28 mass units larger (m/z 469). These observations led to the confirmation that 1 and 3 are the congeners of 2 differing in the fatty acid chain length (Fig. 3) .
1 possesses a planar structure identical with BMS-199687 [8] and A-77543 [9] . BMS-199687 has been isolated from Actinomadura ferruginea and shown to have in vitro and in vivo antitumor activity. A-77543 is a metabolite of a Nocardia and shows antitumor activity 
Biological Properties
The inhibitory activities of 1ϳ3 to muscarinic M1ϳM5 receptor binding are summarized in Table 4 . 1 and 2 inhibited the binding of [ 3 H]-NMS to the muscarinic M3 receptor with a K i value of 0.44 m M and 0.37 m M, respectively, while 3 showed no inhibition. This finding suggest that the fatty acid chain moiety play a role in the interaction of these compounds with the muscarinic M3 receptor like nocardimicins AϳF [6] . They also showed inhibitory activity to M5 receptor binding but not to binding to the M1, M2 and M4 receptors at 10 mM (Table  4) . It is noteworthy that nocardimicins exhibit high subtype-selectivity against the M3 receptor. Currently used parasympatholytic drugs can be chemically divided into two classes: compounds derived from tropane alkaloids and synthetic quaternary ammonium compounds with diverse chemical structures. None of these substances possesses the desirable property of sufficient subtype-selective blockage of M3 receptors that mediate contraction. The largely nonselective blockage of all muscarinic receptor subtypes explains some of the side effects such as increase in the 568 
